Interspecific examination of the relationship between metabolic rate and body weight: Selective pressure on metabolic scaling exponents in Manduca sexta larvae by Rodriguez, Rex
Digital Kenyon: Research, Scholarship, and Creative Exchange
Kenyon Summer Science Scholars Program Summer Student Research Scholarship
Summer 2007
Interspecific examination of the relationship
between metabolic rate and body weight: Selective
pressure on metabolic scaling exponents in
Manduca sexta larvae
Rex Rodriguez
Follow this and additional works at: https://digital.kenyon.edu/summerscienceprogram
Part of the Biology Commons
This Poster is brought to you for free and open access by the Summer Student Research Scholarship at Digital Kenyon: Research, Scholarship, and
Creative Exchange. It has been accepted for inclusion in Kenyon Summer Science Scholars Program by an authorized administrator of Digital Kenyon:
Research, Scholarship, and Creative Exchange. For more information, please contact noltj@kenyon.edu.
Recommended Citation
Rodriguez, Rex, "Interspecific examination of the relationship between metabolic rate and body weight: Selective pressure on
metabolic scaling exponents in Manduca sexta larvae" (2007). Kenyon Summer Science Scholars Program. Paper 366.
https://digital.kenyon.edu/summerscienceprogram/366
Interspecific examination of the relationship between metabolic rate and body weight: Selective 
pressure on metabolic scaling exponents in Manduca sexta larvae
Rex Rodriguez ’09 with Haruhiko Itagaki, Kenyon College Department of Biology
Abstract
Introduction
Method
Results Discussion
References
Acknowledgements
Animal Care
•M. sexta larvae (n=12) were raised from eggs.
•2 sources for mini-Manduca strain: Dr. F. Nijhout, Duke University, NC; Dr. G. Davidowitz, University of Arizona, AZ. 
•Artificial diet (approx. 80% H2O, Carolina).  
•Kept in moist Petri-dishes for the first three instars and in 16 oz. plastic containers for the 4th and 5th instars.  
•Incubation Conditions: 27° C, 12L:12D photoperiod.  
•Larvae were starved 2.5-3 hours before initial trial
Respirometry
• Metabolic data was gathered on an “open-system” respirometry apparatus (Qubit Systems, Canada). 
• Room air passed through a flowmeter (Qubit F360, ~.056 L/min), a drying column (Drierite ® , W.A. Hammond, OH) into the animal chamber and finally into 
an IRGA CO2 analyzer (Qubit, Model No. S151X, range 0-2000 ppm).  
• After a baseline MR was acquired larva were inserted into the animal chamber where CO2 levels were analyzed for 25 minutes.  
Statistical Analysis
• Metabolic rates and the body sizes determined were log transformed to determine the scaling constant. Regression analysis of the data was performed with 
Minitab 15.1.1.
I would like to thank Drs. Haruhiko Itagaki and Chris Gillen of the 
Biology department for all their guidance and help throughout the 
project.  I would also like to thank Andy Boylan for all his help with 
setting up the respirometry apparatus and in the data analysis.  Funding 
for this project was provided by the Kenyon Summer Science Research 
Fellowship and the Kenyon College Department of Biology.
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•Vreede, A.P. (2005). The inter-individual variation in the allometric metabolic 
rate-body size scaling relationship in a population of larval Manduca sexta 
caterpillars. Undergraduate honors thesis, Kenyon College. 56pp
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•Animal size has many varied influences on all organisms. One 
important influence of body size on an organism is its metabolic 
rate. The body size and metabolic rate relationship is defined by the 
formula MR=a(BW)b where MR is the metabolic rate, BW is body 
weight and b is the scaling exponent.
•A theoretical value for the exponent b has been predicted to be 
2/3 by Max Rubner in 1883.  
•Max Kleiber found a universal scaling constant of 3/4 from 
examinations of a wide array of mammalian metabolic rates 
(Kleiber, 1932).  
•Since 1932 a wide variety of scaling exponents have been found 
ranging from as low as 0.4 to as high as 1.4 (Glazier, 2005)
•However, these interspecific studies have no bearing on 
intraspecific variation of b.
•Manduca sexta larvae are an ideal model system to test 
intraspecific variation.  They grow to 104 times their size in the span 
of 16 days and they have 5 distinct intermolt periods called instars.
•Previous work by Andrew Vreede ’05 Marissa Stearns ’06 and 
Andy Boylan ’08 produced b values of 0.82, 0.88 and 0.91, 
respectively
•I investigated one particular strain of M. sexta bred to be 33% 
smaller than the standard lab strain to determine if selective 
pressure on body size had any influence on the metabolic scaling 
exponent.
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•Using regression analysis, the 
metabolic scaling component b was 
determined from the slope of the log-
converted values for metabolic rate vs. 
body mass. This was done with 
combined data for both strains of mini-
Manduca (Fig 1).
Figure 1. Scaling relationship of metabolic 
rate against body weight of M. sexta larvae.  
Larvae are from a strain of mini-Manduca bred 
in captivity to be 33% smaller size than normal 
lab bred M. sexta. (log (MR) = 1.225+0.6424 
log (BW); R2= 81.0%, n= 10, df=128)
•The data for the two mini-Manduca
strains together were shown to have 
little correlation with the regression 
values.  However upon splitting the 
data for the individuals from the Duke 
strain and those from the University of 
Arizona strain there is an interesting 
result.  The strain from Duke showed 
large amounts of variation compared to 
the Arizona strain.  The Arizona strain 
gave a b-value = 0.76 ( Fig.2). The 
Duke strain gave a b-value = 0.60 
(Fig.3).
Figure 2. Scaling relationship of metabolic 
rate against body weight of M. sexta
larvae.  Larvae were from a strain of mini-
Manduca bred in captivity by Dr. F. Nijhout 
in Duke University. (log 
(MR)=1.179+0.5778 log (BW); R2=57.8%, 
n=5, df=74)
Figure 3. Scaling relationship of metabolic 
rate against body weight of M. sexta
larvae.  Larvae were from a strain of mini-
Manduca bred by Dr. G. Davidowitz at the 
University of Arizona.  (log (MR)= 
1.210+0.7545 log (BW); R2= 93.4%, n=5, 
df= 52)
Figure 1.  b=0.64
Figure 2. b=0.60
Figure 3.  b= 0.76
• Compared to the interspecific values claimed by Kleiber 
(0.75) those by Rubner (0.67), the values for the Duke strain 
lie closer to Rubner’s theorized values, although still very 
different.  The values for the Arizona strain match up very 
closely to the values found by Kleiber.  
• Compared to the values previously found for the 
intraspecific scaling exponent by Kenyon students (Vreede, 
Stearns and Boylan), the data found here was dramatically 
different.
• The data from the Arizona strain shows that there is indeed 
some significant difference between the mini-Manduca strain 
and the normal strain larvae.  This suggests that selective 
pressure for lower body size acting on the mini-Manduca 
population has some effect on the population’s metabolic 
scaling exponent.
• The Duke strains did not produce any significant results 
and may have been affected by environmental variations.
• Several issues arose in the testing process.  
• Firstly, during the first month of testing the incubator 
where the trials were performed did not keep a steady 
temperature, causing some variation in the metabolic 
output of the larvae.  
• Secondly, there was a persistent fungal infection in the 
containers.  This problem was reported by all previous 
Kenyon students who worked with M. sexta.
•Further studies in this should seek to correct the errors 
faced in the standardization of testing environment as well as 
increasing the sample size of larvae tested.  Also, to attain a 
more comprehensive understanding of how differing 
selective pressure on body size affects the metabolic scaling 
exponent, similar studies should be performed using the 
mega-Manduca strains.
The scaling relationship between body size and metabolic rate is 
important to achieve a complete understanding of development as 
well as physiology of most organisms.  This study is one in a series 
of studies performed by Kenyon students investigating this 
relationship using the larvae of the Tobacco Hookworm moth (M. 
sexta).  The question posed in this particular experiment is whether 
or not selective pressures on body size will affect its relationship with 
metabolic rate.  To do this a strain of M. sexta was studied that had 
been bred to be 33% smaller than normal lab reared Manduca.  
Using common respirometric procedures, metabolic rates for 10 mini-
manduca (5 each from two different strains) were obtained and 
analyzed using regression analysis.  Scaling constants for the Duke 
University strain =0.60 while those from University of Arizona are = 
0.76
